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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application claims the benefit of the filing date of U.S. provisional 

ZkoZTTJ*™ no ' 60/183,546 ' attomey docket no - 25791 1 °- « 

2/18/2000, the disclosure of which is incorporated herein by reference 

™ sa PP«<*tionisa^^ 
docket number 25791 .23.02, filed on 4/26/2000, which issued as United States Paten 

pateTa rr ^ ^ b6Wfit ° f ^ - * »*■ Visional 
patent appl.cat.on serial number 60/131.106, filed on 4/26/1999, which was a 

dTrT"^ ° f ^ P3tent — n ^ ber ^523,468, attorney 

docket number 25791,1.02, fi.ed on 3/10,2000. which claimed the benefit of the filing 
date of U.S. provisional patent application serial no. 60/124.042, filed on 3/11/1999 
which was a continuation-in-part of U.S. patent application serial number 09/510 91 3 ' 
attorney docket number 25791.7,02, which claimed the benefit of the filing date of U S 
P rov,s.ona. patent application serial number 60/121,702. filed on 2/25/1999 which was 
a continuation-in-part of U.S. patent application serial number 09/502.350,. attorney 
docket number 25791.8.02. filed on 2,10/2*0. which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/119.611. attorney docket 
number 25791.8. filed on 2/11,1999. which was a continuation-in-part of U.S. patent 
number 6,497,269, attorney docket number 25791.3.02, filed on 12/3/1999. which 

£T£ " *• fi,i ° 9 ^ ° f U S Pr ° Visiona ' patent application *«™ T 

60/1 1 1 ,293, filed on 1 2/7,1 998. 

The present application is related to the following U.S. patents and applications- 
(D unity patent number 6.328.1 13. attorney docket number 25791.9,02. filed on 11-15^ 
1999 which claimed the benefit of the filing date of provisions patent application 
number 60,108.558. attorney docket number 25791.9. filed on 11-16-1998; (2) utility 
patent number 6.497.289. attomey docket number 25791.3.02. filed on 12-3-1999 

ZTu ° f ^ * B ^ * Pr ° Vtei0na ' Patent numbe; 

60/ 11.293. attorney docket number 25791.3. filed on 12-7-1998; (3) utility patent 

appl.cat.on number 09,502.350. attomey docket number 25791.8.02, filed on 2-10- 

2000, which claimed the benefit of the filing date of provisional patent application 

number 60,119,611, attomey docket number 25791.8, filed on 2-11-1999- (4) 

prov,s.ona. patent application number 60/121.702. attorney docket number 25791 7 

filed on 2-25-1999; (5) provisional patent application number 60/121,841 attorney 

docket number 25791,2, filed on 2-26-1999; (6) provisional patent application number 
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60 12 .90 attorney docket number 25791.16. fifed on 2-26-1999; (7) provisional 

fl a t nUmb6r 6 ° h24M2 ' att ° mey *** ^ « on * 

2 79?^ 

25791.23. filed on 4-26-1999; (9) provisional patent application number 60/137 998 

ntrtt^ 

number 60/143.039. attorney docket number 25791.26. filed on 7-9-1999- (11) 
provisional paten, applicafion number 60,146.203. attorney docket number 25791 25 
filed on 7-29-1999; (12) provisional patent application number 60/154.047 attorney 
docket number 25791.29. filed on 9-16-1999; ( 13 ) provisional patent application 
number 60/159.082. attorney docket number 25791.34. fifed on 10-12-1999- (14) 
provsional patent application number 60/159.039. attorney docket number 25791 36 
filed on 10-12-1999; (15) provisional patent application number 60/159.033 attorney 
docket number 25791.37. fifed on 10-12-1999; (16) provisional patent application 
number 60/162.671. attorney docket number 25791.27, filed on 11-01-1999. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wan and to prevent undesired outflow 
of dnlling fluid into the formation or inflow of fluid from the formation into the borehole 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
.nterval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore Such 
a large borehole diameter involves increased costs due to heavy casing handling 
eqiupment. large drill bits and increased volumes of drilling fluid and drill cuttings 
Moreover, increased drilling rig time Is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
d.ameters drilled in the course of the well, and the large volume of cuttings drilled and 
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Conventionally, at the surface end of the wellbore, a wellhead is formed thai 
typically includes a surface casing, a number of production and/or drilling spools 
valvng, and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casmgs. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of a 
wellbore. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads. 

Summary 

According to the present invention there is provided a method of coupling a 
tubular member to a preexisting structure, comprising: 

preforming the tubular member to include a first portion, a second portion and a 
third portion; 

placing a mandrel within the second portion of the tubular member; 

positioning the tubular member in an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region within the tubular member above the mandrel; 

and 

displacing the mandrel with respect to the tubular member; 

wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member 

wherein the pressurizing is provided at operating pressures ranging from 0 to 
620.528 bar (0 to 9,000 psi); and 

wherein the pressurizing is provided at flow rates ranging from 0 to 11356.24 
litres/minute (0 to 3,000 gallons/minute). 

Preferably, displacing the mandrel further comprises radially expanding and 
plastically deforming the tubular member. 

Preferably, the method further comprises lubricating an interface between the 
mandrel and the tubular member. 

According to another aspect of the present invention, there is provided an 
apparatus for coupling a tubular member to a preexisting structure, comprising: 
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portion and a third portion; 

means for placing a mandrel within the second portion of the tubular member 

— I™ 3 ? P0Sit,0nin9 ^ memb6r in 30 0veria ^ ^^p to me 
preexisting structure; 

means for pressurizing an interior region within the tubular member above the 
mandrel; and 

means for displacing the mandrel with respect to the tubular member 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member 

^ n ^ ^ PreSSUrian9 iS Pr0Vided at °P«*0 Pressures ranging 
from 0 to 620.528 bar (0 to 9,000 psi); and 

11 JtT meanS PreSSUriZin9 IS Pr ° Vided at fl0W rates ^ from 0 to 
11356.24 litres/minute (0 to 3,000 gallons/minute). 

Preferably, the tubular member includes one or more sealing means coupled to 
the extenor surface of the tubular member. 

Preferably, the mandrel includes one or more sealing means coupled to the 
extenor surface of the mandrel, the sealing means adapted to seal the interface 
between the mandrel and the tubular member. 

Preferably, the mandrel is heat treated. 

Preferably, the mandrel is expandable. 

Preferably, the mandrel comprises one or more materials selected from the 
group consisting of machine tool steel, ceramics, tungsten carbide, and titanium 
Preferably, the mandrel includes a conical surface. 

Preferably, the angle of attack of the conical surface ranges from 1 to 30 
degrees. 

Preferably, the conical surface has a surface hardness ranging from 58 to 62 
Rockwell C. 

According to another aspect of the present invention, there is provided an 
apparatus, comprising: 

a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of- 
preforming the tubular member to include a first portion, a second portion and a 
third portion; 

Placing a mandrel within the second portion of the tubular member; 
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positioning the tubular member in an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region within the tubular member above the mandrel" 

and 

displacing the mandrel with respect to the tubular member; 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member, 
wherein the pressurizing is provided at operating pressures ranging from 0 to 
620.528 bar (0 to 9,000 psi); and 

wherein the pressurizing is provided at flow rates ranging from 0 to 1 1356.24 
litres/minute (0 to 3,000 gallons/minute). 

Preferably, the mandrel is heat treated. 
Preferably, the mandrel is expandable. 

Preferably, the mandrel comprises one or more materials selected from the 
group consisting of machine tool steel, ceramics, tungsten carbide, and titanium. 
Preferably, the mandrel includes a conical surface. 

Preferably, the angle of attack of the conical surface ranges from 1 to 30 
degrees. 

Preferably, the conical surface has a surface hardness ranging from 58 to 62 
20 Rockwell C. 

Preferably, the first tubular member includes one or more sealing members 
coupled to the exterior surface of the first tubular member. 

Preferably, the preexisting structure includes one or more sealing members 
coupled to the exterior surface of the preexisting structure. 

Preferably, the mandrel includes one or more sealing members coupled to the 
exterior surface of the mandrel, the sealing members adapted to seal the interface 
between the mandrel and the tubular member. 

Brief Description of the Drawings 
FIG. 1a is a fragmentary cross-section illustration of an apparatus and method 
30 for expanding tubular members. 

FIG. 1b is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 1a. 

FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 1a. 
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for *J£ 2 ! k S ? fra9mentafy Cr ° SS - SeCtion i,,ustra *>" " « apparatus and method 
tor expanding tubular members. 

FIG. 2a RG * ^ 18 an0thBr fra9men,ary cross * sec « o nal illustration of the apparatus of 
FIG. 2a RG ' 2C ^ an0th6r fra9mentary cross - sectio "al illustration of the apparatus of 
FIG 2a F ' G ' ^ 18 an0th6r fra9men<ary cross - secti <> n al Olustration of the apparatus of 
FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 
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Detailed Description 

Referring now to FIGS. 1a, 1b and 1c. an apparatus 100 for expanding a 
tubular member will be described. The apparatus 100 includes a support member 105 
a packer 110, a first fluid conduit 1 15. an annular fluid passage 120. fluid inlets 125 an 
15 annular sea. 130. a second fluid conduit 135. a fluid passage 140. a mandrel 145 a 
mandrel launcher 150. a tubular member 155. slips 160. and seals 165. The apparatus 
00 .8 used to radially expand the tubular member 155: In this manner, the apparatus 
100 may be used to form a we.lbore casing, line a wellborn casing, form a pipeline line 
a pipeline, form a structural support member, or repair a wellbore casing, pipeline or 
structural support member. The apparatus 100 is used to clad at least a portion of the 
tubular member 155 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
mandrel launcher 150. The support member 105 preferably Is a tubular member 
fabncated from any number of conventional commercially available materials such as 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
wrthin the wellbore casing 170. The support member 105 is releasably coupled to the 
mandrel launcher 150. In this manner, the support member 105 may be decoup.ed 
from the mandrel launcher 150 upon the completion of an extrusion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 
115. The packer 110 preferably provides a fluid sea. between the outside surface of 
the first fluid conduit 1 15 and the inside surface of the support member 105 In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105. first fluid conduit 115. second fluid conduit 135. and mandrel 145. defines 
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an annular chamber 175. The packer 110 may be any number of conventional 
commercially available packers modified in accordance with the teachings of the 
present disclosure. The packer 110 is an RTTS packer available from Halliburton 
Energy Services in order to optimally provide high load and pressure containment 
capacity while also allowing the packer to be set and unset multiple times without 
having to pull the packer out of the wellbore. 

The first fluid conduit 115 is coupled to the packer 110 and the annular seal 
130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, or stainless steel. The first fluid 
conduit 1 1 5 includes one or more fluid inlets 125 for conveying fluidic materials from 
the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and positioned between the interior 
surface of the first fluid conduit 1 15 and the interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow 
rates ranging from about 0 to 11356.24 litres/minute (0 to 3,000 gallons/minute) and 0 
to 620.528 bar (0 to 9,000 psi) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portion of the first fluid conduit 115. 
The fluid inlets 125 preferably are adapted to convey fluidic materials such as cement, 
water, epoxy. lubricants, and slag mix at operating pressures and flow rates ranging 
from about 0 to 620.528 bar (0 to 9,000 psi) and 0 to 11356.24 litres/minute (0 to 3,000 
gallons/minute) in order to optimally provide flow rates and operational pressures for 
25 the radial expansion process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
interior surface of the first fluid conduit 115 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
30 surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
available seals such as, for example, Ofings. Polypak <*™> seals, or metal spring 
energized seals. The annular seal 130 is a Polypak"™* seal available from Parker 
35 Seals. 
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The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as, for example 
coiled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
carbon steel. The second fluid conduit 135 is adapted to convey fluidic materials such 
as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 620.528 bar (0 to 9.000 psi) and 0 to 11356.24 litres/minute (0 
to 3.000 gallons/minute) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. The fluid passage 140 is adapted to convey fluidic materials such as 
cement, water, epoxy. lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 620.528 bar (0 to 9.000 psi) and 0 to 11356.24 litres/minute (0 
to 3.000 gallons/minute) in order to optimally provide flow rates and operational 
1 5 pressures for the radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably is an annular member having a conic 
section fabricated from any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength alloys. The angle of the conic section of the mandrel 145 ranges from 
about 1 to 30 degrees in order to optimally expand the mandrel launcher 150 and 
tubular member 155 in the radial direction. The surface of the conic section ranges 
from about 58 to 62 Rockwell C in order to optimally provide high yield strength. The 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. Alternatively, the mandrel 145 is expandible In order to further 
optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably is a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion process. The cross-sectional area of the mandrel 
launcher 150 at one end is adapted to mate with the mandrel 145, and at the other end, 
the cross-sectional area of the mandrel launcher 150 is adapted to match the cross- 
sectional area of the tubular member 155. The wall thickness of the mandrel launcher 
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150 ranges from about 50 to 100 % of the wall thickness of the tubu.ar member 155 in 
order to facilitate the initiation of the radia. expansion process 

powstee^^ 

'2 ™T " t0 OPHma " y ^ the burct °< »ne tubu,ar 

' aUnCher IS *> *■ tubutar member 

In L Tr ^ mandre ' ' aUnCher 150 may *» <™ the wellbore 1 80 

upon the completion of an extrusion operation. 

Alternatively, the support member 105 and the mandrel .auncher 150 are 
integrally formed. The support member 105 preferabty terminates above the top fL 
Packer 110. The fluid conduits 115 and/or 135 pro.de structural support for Z 

rtzn r packer 1 10 to coup,e to9ether the eiements °< *° ~ 

100. Dunng the rad,a. expansion process, the packer 110 may be unset and reset 

2nt T> ^ ^ ,UbU ' ar memb " 155 to the ~ casing 170 

let! 1 155 ' ^ ^ eXPan8i ° n 0perafo - this manne 

the packer 110 « moved downhole and the apparatus 100 is re-stroked 

The tubular member 155 is coupled to the mandml launcher, the slips 160 and 

a y number of conventions commercially available material such as, for example low 
alloy stee , carbon steel, stainless steel, or oilfield country tubular goods. The tubular 
member 155 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155 
The s ,ps 160 preferabty are adapted to couple to the interior waHs of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155 In this 
manner, the slips 160 provide structural support for the expanded tubu.ar member 155 
The shps 160 may be any number of conventional commercial available slips such 
as. or example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mecWal sl^s or Mode. 3L retrievable bridge p,ug tungsten carbide upper 
mechanic* sips. The slips 160 are RTTS packer tungsten carbide mechanical slips 
available from Halliburton Energy Services. The slips 160 are adapted to support axia. 
forces ranging from about 0 to 3336.2 kN (0 to 750.000 Ibf). 

The seals 165 are coupled to the outside surface of the tubular member V 
The seals 165 preferably provide a fluidic seal between the outside surface , 



9 



expanded tubuta, member 155 and ,he imedor walls of a casing, pip.,™ „ other 

«a a , 65 prov,d. a » u ,d K sea, ,„ m . expanded «ubu„r member 155. The ae. ls 165 
may be any number of convention commercially available seals suchas forexaml 

Zt , „ a,a "*' e *" nUmer0US «"»-*■ «— •» °-*r «o 

opfimall, prov.de presaura sealing and load beartng capacity 

During operation of the apparatus ,00. me apparates ,oo is preferably lowered 
;*a«-^.150h.v h g.p«^ )tecaonof ^ ; 
10 ,00 ,s posmonad wflh ,, leas, a pome* of the .ubuter member ,55 ovedappm la 

member ,55 w,l, prerereWy MM the ^ 6urtaw ^ ^ 

— .TheradlalexpaTsfcn 
of <he tubular member 155 will a!eo cause tee slips ,60 and «a b ,65 m engl with 

irTfT" * "*™ ~* ,7 °- ,n ■* — * - ™;r 

member 155 is provided wite enhanced sectoral sopped by ft. slips ,50 and an 
enhanced fluid seal by the seals ,65. 

mlad^'"?? "* ' b ' rt "' to "-'»<1«appara te 100 in an ovedapping 
relatoneh*, wdh the wellbore casing ,70. a fluid* mated,, ,65 is preferably puld 
20 ado , he camber ,76 using ,he fluid passage ,20 me inte, pLges 2 5 Te 
fluKdc mateda, is pumped in,, ,he chamber ,75 a, opting „ L Z 2 

nsir 0 ,o 620528 - <o to 9 w psii - ° ,o 1,356 m 

<o 3.000 gallons/mlmde) in on*, ,o op,,ma«y provide flow rates and operafiona, 
-~form.radial.xpamionproc.ss. The pumped «e mated-, flSmcTse 
25 At. eperadng pressure wflhin «,. chamber ,75. The Incased operating praTre 

I tUT 175 r ^ *" manare ' M5 to ^ — ^— "» 

II T 0 " he *" * 8,6 M5 —» o, me 
mandrel launcher ,50 and <ubu,ar member ,55 ofl of me face o, me mandrel ,45 

30 Z oT- "■ 155 <° « •» — 

langth of me tubular member , 55 to expand in the radial direcdon. 

The pumping rate and pressure o, me fluidic material ,85 Is reduced dudng me 
lader stages o, ma extension preoess in onto ,o minimize shock ,o ft. apparates ,00 
The apparatus ,00 inches shook absorbers ,o, ab^dxng <hs shock caused by tea 

35 complete, of tee extrusion process. 
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The extrusion process causes the mandrel 14* t« * 

"? r*" - « ^ - - — ^3 ,s enhanced 

th. a JT PWe " N—H M* mm' W „ 

r=z : T" - !Mlln9 ,aver is ^ **- ~ 

155 and the intenor walls of the wellbore 180. 

As Wustrated in FIG. 1c, upon the completion of the extrusion process the 

170 Q T ? aPPamtUS 100 " US6d t0 a Pasting wellbore casing 

170 or pipeline. Both ends of the tubular members nrrf»«K. . , _ 

sea|s 165 member 155 Preferably include slips 160 and 

Alternatively, the apparatus 100 is used to form a tubu.ar structure, support for a 
building or offshore structure. 

'7 * to ***** * ~ 200 incudes a support U 

205. a **, fcuoohe, 210 , a «« 2,5. . M ^ , 

~*r 225, slips 230. sa* 235. , .ho. 240. a* . sec^d « ^ J*£ 

zrrrr to ~* - — *— «— 

manner 225. ,„ ranner . ^ af ^ 2M may ^ ^ ^ ^ 
cas.^ „ne a waUbo™ casing. ,oan a pip**, , ^ fce , )om , 

appals 200 is used to dad at least a port™ „, g. ^ ^ 2J5 
preexisting structural member. 

The support member 205 is preferably coupled to the mandrel launcher 210 
The support member 205 preferably is a tubu«ar member fabricated from any number 
of conventional commercially available materia. 4 * such as. for example, oilfield country 
ubular goods, ,ow alloy steel, carbon steel, or stainless stee, The support member 
205 the mandrel launcher 210, the tubular member 225, and the shoe 240 are 
preferably selected to fit through a preexisting section of wellbore casing 270 ,„ this 
manner, the apparatus 200 may be positioned within the wellbore casing 270 The 
support member 205 is releasably cou P .ed to the mandrel launcher 210 In this 
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manner. Ihe support member205 

upoo.r.co^o^e^^/^'^^^NauncheraiO 
The mandrel launcher 210 is counted *n th» « 

expansion process The eras* «~.h« M i , facilitate the radial 

member 225 The wall th.^^ * »«wionai area of the tubular 

• ==~==^====: 

The mandrel launcher 21 0 may be fabricated i™™ 

, MtoMe matert , 5 T^lJZ n,m 1' 0 ' cm ^ 

20 The mandrel 215 la coupled to the mandrel launcher 210 Th. „. - . 

la an annular mem*, harf„ 9 a cenlc aecllon LtcaL ' JTj t 
con.en.lona, commerce aval|abl9 ^ M tt^I 7 

** ^ ^ ^ or ottar ^zc; ~: 

m. contc secfa, of th, 215 fr(Jm 9 J^™ «* * 

» Wta* expand „ mend,,, hundw ^ _ J^ ^XSJV, 
*.C,on. The surface Che cc* aecfcn ^ from J^^,^ 
o«er.o optaallypmrfde high yield at^ngUt. The expansion con. 215 H > n^T . w 

process ***" ° P ' ma " > aU " nenl «• ««- expansion 
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The fluid passaje 220 la positioned ««hin the mandrel 215 Th.ff,,irt„ 
220 is prnferal* adapted ,o cc™, «, mafedals such JZ^Zr^ 

^^<»'»'.000M.ndO to 1,35e.24r^„ ut . ( o to3 .000, 8 anc^^ 
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h «ftr to p,^ flow rates and preMures ^ 

~ r 00885 ^ *" ^ 220 Pre,erabl> - '« »• adapted „ 

ta mend* 2,5 may be nultMy isolaled ^ lnterior ^ 
mandrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 

from any number of conventional commercial available materials such as for 
example low a..oy steel, carbon steel, stainless steel, oroilfiekl country tubu.ar goods 
The tubular member 225 is fabricated from oilfield country tubular goods 

The slips 230 are coupled to the outside surface of the tubular member 225 
The s hps 230 preferably are adapted to couple to the Interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225 In this 
manner, the slips 230 provide structural support for the expanded tubular member 225 
The sl.ps 230 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. The slips 230 are adapted to support axial forces ranging from about 
0 to 3336.2 kN (0 to 750,000 Ibf). 

The seals 235 are coupled to the outside surface of the tubular member 225 
The seals 235 preferably provide a fluidic seal between the outside surface of the 
expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225. In this manner the 
seals 235 provide a fluidic seal for the expanded tubular member 225 The seals 235 
may be any number of conventional commercially available seals such as, for example 
nitrite rubber, lead, Aflas™ rubber. Teflon™, epoxy or other elastomers. The seals 
235 are conventional rubber seals available from various commercial vendors in order 
to optimally provide pressure sealing and load bearing capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substanfially tubular member having a fluid passage 245 for conveying fluidic 
materials from the chamber 275 to the annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as. for example, a Super Seal™ II float shoe, a Super Seal™) «| Down-Jet float 
shoe, or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the present disclosure. The shoe 240 is an aluminum 
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down-jet gu.de shoe with a sealing s.eeve for a latch down plug, available from 
Halhburton Energy Services, modified in accordance with the teachings of the present 
d,sc.osure. in order to optimally guide the tubu.ar member 225 in the wellbore, optimally 
provide a fluidic sea. between the interior and exterior diameters of the overlapping 
jo.nt between the tubular members, and optimally facilitate the complete drilling out of 
the shoe and plug upon the completion of the cementing and radial expansion 
operations. 

During operation of the apparatus 200, the apparatus 200 is preferably lowered 
■nto a wellbore 260 having a preexisting section of wellbore casing 275. The apparatus 
200 ,s positioned with at least a portion of the tubular member 225 overiapping with a 
portion of the wellbore casing 275. In this manner, the radial expansion of the tubular 
member 225 will preferably cause the outside surface of the expanded tubular member 
225 to couple with the inside surface of the wellbore casing 275. The radial expansion 
of the tubular member 225 will also cause the slips 230 and seals 235 to engage with 
the .nterior surface of the wellbore casing 275. In this manner, the expanded tubular 
member 225 is provided with enhanced structural support by the slips 230 and an 
enhanced fluid seal by the seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overiapping 
relationship with the wellbore casing 275. a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275. through the fluid passage 245, and into the annular region 270. The fluidic 
material 280 is pumped into the chamber 270 at operating pressures and flow rates 
ranging from about 0 to 620.528 bar (0 to 9.000 psi) and Oto 11356.24 litres/minute (0 
to 3.000 gallons/minute) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. The fluidic material 280 is a hardenable 
fluidic sealing material in order to form a hardened outer annular member around the 
expanded tubular member 225. 

As illustrated In FIG. 2c. at some later point in the process, a ball 285, plug or 
other similar device, is introduced into the pumped fluidic material 280. The ball 285 
mates with and seals off the inlet 265 of the fluid passage 220. In this manner, the 
chamber 270 is fluidicly isolated from the chamber 275. 

As illustrated in FIG. 2d, after placement of the ball 285 in the inlet 265 of the 
fluid passage 220. a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
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rates ranging from about 0 to 620.528 bar (0 to 9,000 psi) and 0 to 11356.24 
litres/minute (0 to 3,000 gallons/minute) in order to provide optimal operating efficiency. 
The fluidic material 290 may be any number of conventional commercially available 
materials such as, for example, water, drilling mud, cement, epoxy, or slag mix. The 
5 fluidic material 290 is a non-hardenable fluidic material in order to maximize operational 
efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamber 270. The increased operating 
pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 

10 launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 
causes the entire length of the tubular member 225 to expand in the radial direction. 

1 5 The pumping rate and pressure of the fluidic material 290 is reduced during the 

latter stages of the extrusion process in order to minimize shock to the apparatus 200. 
The apparatus 200 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. The extrusion process causes the mandrel 215 
to move in an axial direction 290. 

20 As illustrated in FIG. 2e, upon the completion of the extrusion process, the 

support member 205, packer 210. first fluid conduit 215, annular seal 230, second fluid 
conduit 235, mandrel 245, and mandrel launcher 250 are removed from the wellbore 
280. The resulting new section of wellbore casing includes the preexisting wellbore 
casing 275, the expanded tubular member 225, the slips 230, the seals 235, the shoe 

25 240, and an outer annular layer 300 of hardened fluidic material. 

Alternatively, the apparatus 200 is used to repair a preexisting wellbore casing 
or pipeline. Both ends of the tubular member 255 preferably include slips 260 and 
seals 265. 

Alternatively, the apparatus 200 is used to form a tubular structural support for a 
30 building or offshore structure. 

The tubular members 105 and 225; shoes 240; expansion cone launchers 150 
and 210; and expansion cones 145 and 215 are provided substantially as described in 
one or more of the following U.S. patents and applications: (1) utility patent number 
6.328,1 13, attorney docket number 25791.9.02, filed on 11-15-1999, which claimed the 
35 benefit of the filing date of provisional patent application number 60/108,558, attorney 
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It 7T ■ ^ °" "™ m; ,2) «■» «— 6 497 289 

**• number 25791.3.02, sled on m ttle beraifit of 

the (tag date of provislona. patent appfcatlon number 60/11, 293 attorn 1 

•h. to. date ., p™^., patwJ awtoa0o „ numb6r 

number 25791.8, filed on 2-11-1993- rai . enomey docket 

25791,6 fl* on 2-26-1999; ,7, K ovla ta a, patent apptlcatton number 60/124 ^ 
anomey d«*e, number2579,,1. M on 3.11-1999; (8, ^siona, palem apZta 
number 60/131.106. attorney docket number 25791.23. nk* on 4-26-1*9 » 

,5 ZT^r"* aPP " Ca80n 60 " 37 ' 998 ' "°*« "-*- *™ 17 

r„ 7 t ^ (10) — »MW Forney 

60/146.203. attorney docket number 25791.25. filed on 7-29-1999- (12) orovialon,, 

60/159 mo oh ! r 1219 "' (14) P rovis '°nal patent application number 
60 159,039, attorney docket number 25791.36, filed on 10-12-1999; (15) provisional 

^Z^u^T 9 ^ number 60,162<671 - attomey doc - 

25 Although iilustrafive aspects of the invention have been shown and described a 

w.de range of modification, changes and substitution is contemned in the foregoing 
In some instances, some features of the present invention Z be 
employed wrthout a corresponding use of the other features. According* it is 

30 T h T ate ^ 3PPended ^ * aHmmi br0ad,y and ,n a ma "ner consistent 
30 with the scope of the invention. 
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Claims 

1 • A method of coupling a tubular member to a preexisting structure, 
comprising: 

preforming the tubular member to include a first portion, a second portion 
and a third portion; 

Placing a mandrel within the second portion of the tubular member- 
positioning the tubular member in an overlapping relationship to the 
preexisting structure; 

pressurizing an interior region within the tubular member above the 
mandrel; and 

displacing the mandrel with respect to the tubular member; 

wherein the inside diameter of the second portion of the tubular member 
m greater than the inside diameters of the first and third portions of the tubular 
member; 

wherein the pressurizing is provided at operating pressures ranging from 
0 to 620.528 bar (0 to 9,000 psi); and 

wherein the pressurizing is provided at flow rates ranging from 0 to 
11356.24 litres/minute (0 to 3,000 gallons/minute). 

2. An apparatus for coupling a tubular member to a preexisting structure 
comprising: 

means for preforming the tubular member to include a first portion, a 
second portion and a third portion; 

means for placing a mandrel within the second portion of the tubular 
member; 

means for positioning the tubular member in an overlapping relationship 
to the preexisting structure; 

means for pressurizing an interior region within the tubular member above 
the mandrel; and 

means for displacing the mandrel with respect to the tubular member; 

wherein the inside diameter of the second portion of the tubular member 
•s greater than the inside diameters of the first and third portions of the tubular 
member; 

wherein the means for pressurizing is provided at operating pressures 
ranging from 0 to 620.528 bar (0 to 9,000 psi); and 
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3- An apparatus, comprising: 
a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of 
preforming the tubular member to include a ^ mi4 . 
and a third portion; ' P^ 0 "' 3 SeCOnd P° rtion 

Placing a mandrel within the second portion of the tubular member 
P-s^ 

displacing the mandrel with respect to the tubular member; 

is a rea rr? e in8,de diamef6r ° f S6COnd P ° nhn tubular member 
.greater than the inside diameters of the first and third portions of the tubular 

oto 6 ,r^ 

wherein ^ Pressurizing is prcvided at flow rates ranging fmm 0 to 
1 1356.24 Irtres/minute (0 to 3,000 gallons/minute). 

LnIT T 01 ^ 1 ' WHerein diSP ' aCin9 0,6 mandrel ^ Arises 
rad,a..y expandmg and plastically deforming the tubular member. 

L m " th0d ° f ^ 1 ' fUrther Seating an interface between 

the mandrel and the tubular member. 

6- The apparatus of claim 2, wherein the tubular member includes one or 
more sealing means coupled to the exterior surface of the tubular member. 

7. The apparatus of daim 2, wherein the mandrel includes one or more 
seahng means coupled to the exterior surface of the mandrel, the sealing means 
adaptedtosea.theinterfacebetweenthemandre.andthetubu,armemL 
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8. The apparatus of claim 2, wherein the mandrel is heat treated. , 
9- The apparatus of claim 2. wherein the mandrel is expandable. 

10. The apparatus of claim 2. wherein the mandrel comprises one or more 
materials selected from the group consisting of machine tool steel, ceramics 
tungsten carbide, and titanium. 

11. The apparatus of claim 2, wherein the mandrel includes a conical surface. 

12. The apparatus of claim 11, wherein the angle of attack of the conical 
surface ranges from 1 to 30 degrees. 

13. The apparatus of claim 11. wherein the conical surface has a surface 
hardness ranging from 58 to 62 Rockwell C. 

14. The apparatus of claim 3, wherein the mandrel is heat treated. 

15. The apparatus of claim 3, wherein the mandrel is expandable. 

16. The apparatus of claim 3, wherein the mandrel comprises one or more 
materials selected from the group consisting of machine tool steel, ceramics, 
tungsten carbide, and titanium. 

17. The apparatus of claim 3, wherein the mandrel includes a conical surface. 

18. The apparatus of claim 17, wherein the angle of attack of the conical 
surface ranges from 1 to 30 degrees. 

19. The apparatus of claim 17. wherein the conical surface has a surface 
hardness ranging from 58 to 62 Rockwell C. 

20. The apparatus of claim 3, wherein the first tubular member includes one or 
more sealing members coupled to the exterior surface of the first tubular 
member. 
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21. The apparatus of claim 3, wherein the preexisting structure indudes one or 
more sealing members coupled to the exterior surface of the preexisting 
structure. 

22. The apparatus of daim 3, wherein the mandrel includes one or more 
sealing members coupled to the exterior surface of the mandrel, the sealing 
members adapted to seal the interface between the mandrel and the tubular 
member. 
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